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Background: External ventricular drainage (EVD) is common after brain surgery. However, the incidence of EVD-related infection (ERI) is still relatively high and can increase morbidity and mortality.

Objective: The objective of this study was to analyze ERI factors in pediatric population post-brain tumor surgery.

Methods: From January 2016 to December 2017, 147 patients <18 years old underwent tumor removal at Beijing Tiantan Hospital and had postoperative EVD. We recorded basic demographic data as well as several risk factors. We then analyzed whether these factors were related to ERI.

Results: Patients with a preoperative ventriculo-peritoneal (V-P) shunt, those with longer operation time, those who received blood transfusion, those with more frequent cerebrospinal fluid (CSF) sampling, and those with longer indwelling time of EVD had higher risks of infection (p < 0.05). Logistic regression analysis confirmed that a preoperative V-P shunt, operative duration, intraoperative blood transfusion, frequency of CSF sampling, and EVD duration were correlated with postoperative ERI (p < 0.05).

Conclusion: EVD should be removed as soon as possible and any unnecessary procedures should be avoided to reduce the infection rate. However, prophylactic treatment should be given in case patients do not meet the indication for EVD removal.
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INTRODUCTION

External ventricular drainage (EVD) is a common practice after brain tumor surgery since it helps monitor intracranial pressure and drain the residual blood (1–4). Unfortunately, EVD is also a potential access point for organisms to enter the intracranial compartment. The incidence of EVD-related infection (ERI) may reach up to 22% in high-risk patients (5, 6). ERI increases morbidity and mortality as well as prolonging hospital stays, increasing hospitalization costs, and even leading to multiple surgeries (7, 8). Therefore, ERI has attracted great attention from experts, and a recent meta-analysis study revealed several risk factors such as duration of EVD monitoring, systemic infection, presence of intraventricular hemorrhage, basilar skull fractures with a CSF leak, catheter manipulations, and leakage around the EVD catheter. However, there are few reports regarding intracranial infection in children with EVD, especially after brain tumor surgery. The purpose of this study was to investigate and analyze several risk factors of ERI in post-brain tumor surgery to elucidate the best treatment strategy to achieve a good prognosis.



PATIENTS AND METHODS

We retrospectively studied 147 patients <18 years old from January 2016 to December 2017 with a confirmed diagnosis of intracranial infection after tumor resection. This study was approved by the Ethics Committee of Beijing Tiantan Hospital, Capital Medical University. Informed consent was obtained from all participants or their parents or legal guardians.

Our inclusion criteria were as follows: (1) intracranial tumor patients who were <18 years old; (2) the patient had EVD placement after tumor resection; (3) the EVD system was in situ for at least 36 h; and (4) the material used for the EVD was the same for all patients. Exclusion criteria were (1) any clinical suspicion of central nervous system infection before the procedure, including cerebral abscess, meningitis, or other infectious pathological diseases; (2) a postoperative pathological diagnosis such as a cerebral abscess or inflammatory disease; and (3) a patient who died (due to progression of the disease or severe postoperative complications) or was discharged due to any cause within 3 days after surgery, such as a financial problem or the patient's family of their own free will requesting discharge from the hospital (Figure 1).


[image: Figure 1]
FIGURE 1. Flow chart of the patients included in this study.



ERI Diagnosis

Criteria for diagnosis of ERI were as follows: (1) clinical signs such as fever, altered consciousness, nuchal rigidity, focal neurologic deficits, and positive meningitis sign (e.g., Kernig sign); (2) cerebrospinal fluid (CSF) glucose level <2.5 mmol/L, leukocytes >100/μl; (3) postoperative peripheral blood WBC > 10,000/μl, Neu% >75%. Patients meeting criteria 1 and 2 or 3 were diagnosed as having ERI. All CSF samples were obtained from the EVD system.


Data Collection

We recorded basic demographic data regarding age, sex, and place of origin, as well as several risk factors such as preoperative inpatient duration, operative duration (<4 h; ≥4 h), length of stay in hospital, course of the disease, presence of a ventriculo-peritoneal (V-P) shunt before tumor resection surgery, tumor volume (<4 cm; ≥4 cm), extent of tumor resection, and past history of intracranial surgery, intraoperative blood transfusion (0; 0–400 ml; >400 ml). We also collected data on duration of EVD stay and the total number of times CSF was sampled prior to diagnosis of the infection. In addition, we also collected information regarding the tumor location, characteristics, and outcome of the treatment.


Statistics

Statistical analyses were performed using SPSS software 23.0. All measured data were calculated by mean ± standard deviation by ([image: image] ± s). For the normal distribution and equal variances data, the statistical analyses of categorical variables between two groups were carried out using t-tests. For abnormal distributions and unequal variances data, the statistical analyses of categorical variables between the two groups were carried out using non-parametric tests (Mann–Whitney U-test, Kruskal–Wallis H-test) as appropriate. Correlation of risk factors and infection were evaluated by binary logistic regression. Statistical significance was defined as a P-value < 0.05.




RESULTS

Patient Demographic Data

There were 147 pediatric patients who received EVD after tumor resection surgery that were included in this study. Among them, 30 had intracranial infection after operation, so the incidence was 20.4%. The patients were divided into an infection group and a non-infection group. The average hospitalization days of the infected group and non-infected group were 23.67 (±9.58) days and 15.51 (±5.09) days, respectively. There was a significant difference between the two groups (t = 11.51, p = 0.001) (Table 1). The infection occurred during the 10 days after EVD placement. Early infection occurred on the second day after EVD placement with an incidence of 4.86%, 5.11% on the third day, 2.31% on the fourth day, 3.48% on the fifth day, 2.35% on the sixth day, 6.45% on the seventh day, 2.08% on the eighth day, and 3.23% on the ninth day. The latest period of infection occurred on the 10th day after EVD placement with an incidence of 4.35%. There were 18 patients who had EVD placement for longer than 10 days; however, no infections were found in these patients (Figure 2).


Table 1. Characteristics of the patients.
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FIGURE 2. (A) Bar graph showing patients at risk for infection over time. (B) Bar graph showing number of infections over time. (C) Bar graph showing the daily infection rate over time.


The average age of the children was 7.15 ± 3.91 years old. The average length of hospitalization before the operation was 4.76 ± 2.49 days. The average length of the operation was 3.79 ± 1.55 h, and the average time of EVD was 7.67 ± 3.31 days. The average total duration of hospitalization was 17.18 ± 7.04 days. The median duration was 30 days (Table 1). There was male predominance with a male-to-female ratio of 1.6:1. Of all 147 patients, 91 were male (61.9%) and 56 were female (38.1%). Seventy-four (50.3%) patients were from cities, and 63 (49.7%) patients were from rural area. Of the 147 patients, 30 patients had a V-P shunt (20.4%) prior to tumor resection surgery. Seventy-nine (53.7%) patients had tumors larger than or equal to 4 cm in diameter, and 68 (46.3%) patients had a tumor <4 cm in diameter. Total resection of the tumors was achieved in 108 (73.5%) of the patients as confirmed by postoperative MRI. Sixteen (10.9%) patients had a history of craniotomy. Forty-five (30.6%) patients had a blood transfusion during the operation. One hundred four (70.7%) patients had CSF samples collected fewer than three times a week after the operation (Table 2).


Table 2. Risk factors related to ERI.
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Factors Associated With ERI

Patients were divided into the infection group and non-infection group according to the postoperative incidence of intracranial infection. The clinical data pre-, intra-, and post-operation were compared and observed, including the patient's age, sex, days of hospitalization before the operation, place of origin, preoperative V-P shunt, duration of operation (<4 h; ≥4 h), tumor volume (≥4 cm; <4 cm), extent of tumor resection (tumor residue), history of craniotomy, intraoperative blood transfusion (0; 0–400 ml; >400 ml), sampling frequency of CSF (less than three times a week; more than three times a week), and time of EVD (≤7; >7 days). In this study, the operation time of the infection group was longer than that of the non-infection group (4.66 ± 2.00 vs. 3.57 ± 1.33; t = 6.159, p = 0.014). Moreover, the duration for EVD of the infection group was longer than that in the non-infection group (10.00 ± 4.44 vs. 7.08 ± 2.66; t = 4.609, p = 0.000). The infection rate of children with a preoperative V-P shunt was higher than that of children without a V-P shunt (χ2 = 8.907, p = 0.003). The infection rate of children with a longer operation duration (≥4 h) was higher than that of children with shorter operation duration (<4 h) (χ2 = 4.008, p = 0.045). The infection rate of children with an intraoperative transfusion was 35.6%, which is higher than that of children without transfusion (χ2 = 9.161, p = 0.002). The blood transfusion volume was set at 400 ml as the cutoff (0, 0–400 ml, and >400 ml). The higher the volume of the transfusion was, the higher the infection rate (χ2 = 17.438, p = 0.000). The infection rate of the group whose CSF sampling frequency was more than three times a week was higher than that of the group with sampling fewer than three times a week (χ2 = 40.946, p = 0.000). In addition, the time of drainage tube placement was classified as a categorical variable. The infection rate increased significantly as the drainage tube was placed for a longer duration 12.9% (≤7 days group) vs. 30.6% (>7 days group) (χ2 = 6.918, p = 0.009) (Table 2).


Tumor Characteristics and Outcomes

In 30 patients who had ERI, the tumors were located in the posterior third ventricle/pineal region (20%), cerebral hemisphere (16.7%), sellar region (16.7%), posterior fossa (16.7%), lateral ventricle (13.3%), third ventricle (10%), thalamus (3.3%), and basal ganglia (3.3%). Their pathological findings were astrocytoma (16.7%), ependymoma (13.3%), germ cell tumor (13.3%), medulloblastoma (10%), germinoma (6.7%), teratoma (mature/immature) (6.7%), craniopharyngioma (6.7%), choroid plexus papilloma (6.7%), meningioma (6.7%), pinealocytoma (3.3%), subependymal giant cell astrocytoma (3.3%), hemangioblastoma (3.3%), and atypical rhabdoid tumor (3.3%). Of 30 ERI patients, gross total resection (GTR) was achieved in 80% of the cases, and subtotal resection was achieved in 20% of the cases (Supplementary Tables 1, 2). There were no significant differences for the ratio of the infectious group and noninfectious group in regard to different tumor locations (Supplementary Table 3).

Thirty patients who had ERI underwent CSF culture, and only 5 of 30 cases (16.7%) were found to have a positive CSF culture. The organisms found in these cultures were Staphylococcus in two patients, Pseudomonas aeruginosa in two patients, and Acinetobacter in one patient. The patient's outcomes were assessed at the time of discharge with the Glasgow Outcome scale (GOS), which ranges from 1 to 5. A score of 5 indicates mild or no disability, while an adverse clinical outcome was defined as a score of 1 to 4. In the infection group, 10 patients had a GOS of 5 and 20 patients had a GOS <5, while in the non-infection group 26 patients had a GOS of 5, while 91 patients had a GOS <5. Although most of the patients had an adverse clinical outcome (GOS < 5), there was no significant difference between groups (Supplementary Table 4).


Univariate and Multivariate Analysis

According to the univariate analysis (Table 3), the duration of the operation, the time of drainage tube placement, whether there was a V-P shunt before the operation, a blood transfusion during the operation, and sampling frequency of CSF were set as independent variables, and whether infection occurred was set as the dependent variable. Logistic regression analysis showed that preoperative V-P shunt (OR: 3.667, 95% CI: 1.511–8.897, p = 0.004), operative duration (OR: 0.421, 95% CI: 0.178–0.996, p = 0.049), intraoperative blood transfusion (OR: 3.468, 95% CI: 1.511–7.961, p = 0.003), sampling frequency of CSF (OR: 0.556, 95% CI: 0.449–0.689, p = 0.000), and EVD duration (OR: 0.774, 95% CI: 0.678–0.883, p = 0.000) were correlated with postoperative ERI.


Table 3. Univariate analysis.
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According to the multivariate analysis (Table 4), operative duration (OR: 0.092, 95% CI 0.017–0.506, p = 0.006), sampling frequency of CSF (OR: 0.024, 95% CI: 0.005–0.122, p = 0.000), and EVD duration (OR: 0.749, 95% CI: 0.602–0.933, p = 0.010) had a strong correlation with postoperative ERI, while age, sex, native place of origin, preoperative V-P shunt, tumor diameter, postoperative tumor residue, past history of craniotomy, and blood transfusion did not show a correlation with ERI.


Table 4. Multivariate analysis.
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DISCUSSION

Previous studies have identified numerous risk factors of intracranial infections related to EVD placement, including multiple insertions, CSF leak, surgical intervention, systemic infection, longer operative time, failing to maintain a closed ventricular system, non-sterile technique during the procedure, delayed replacement of an EVD that became compromised, and delayed removal of the EVD even when clinically indicated (9–15). However, there is still no study that has focused on the incidence and risk factors of EVD related to intracranial infection post-brain tumor surgery in a pediatric population. Considering that intracranial infection can cause a devastating result, especially in a pediatric population that has a relatively weak immune system relative to the adult population, special attention and precautions are needed. Therefore, we retrospectively studied and analyzed 147 pediatric patients from our institution that had EVD post-brain tumor surgery.

The youngest patient in this study was 8 months, and the oldest was 18 years. The average age was 7.15 ± 3.91 years old. There was a male predominance accounting for 61.9% of the patients, and the male-to-female ratio was 1.6:1. There were no significant differences in the infection rate in different age populations, sex, place of origin, tumor diameter, postoperative tumor residue, or past history of craniotomy. However, there was a significant difference in the infection rate with regard to preoperative V-P shunt, operation duration, blood transfusion, CSF collection, and EVD duration among different populations. This result suggests that the incidence of infection is related more to the hospital than to factors associated with the patient such as demographic and origin.

Operative duration is an independent factor for ERI. In our study, the infection rate was 26.6% in the patient group who had an operation time ≥4 h and 13.2% in the patient group with an operation time <4 h (χ2 = 4.008, p = 0.045). This result suggests that a prolonged duration of the operation can significantly increase the chance of a contaminated surgical site infection due to longer exposure time of the brain tissue to the surrounding air. Routine CSF sampling is usually performed two to three times and if clinical symptoms of ERIs occur, repeated sampling can be performed. Our results showed that CSF sampling frequency was also an independent factor for ERIs with an infection rate of 53.5% in CSF sampling frequency ≥3 times per week and 6.7% in <3 times per week (χ2 = 40.946, p = 0.000). This result is consistent with Hoefnagel et al. (16). The higher the sampling frequency is, the higher the infection rate. Therefore, we suggest that conventional CSF sampling is not recommended without the presence of significant clinical signs.

A preoperative V-P shunt is considered to be a risk factor for ERI in our study although it is not an independent factor (χ2 = 8.907, p = 0.003). The infection rate of children with a preoperative V-P shunt was 40%, which is higher than that of children without a preoperative V-P shunt (15.4%). The incidence of intracranial infection after V-P shunt placement in neurosurgical practice is relatively high. This incidence may be attributed to inadequate preoperative preparation, inappropriate timing of operation, lack of standardization of aseptic operation, or longer exposure duration during the procedure.

Massive bleeding is sometimes unavoidable during tumor resection, especially of tumors with invasive characteristics or those located adjacent to vascular structures. Often colloid and/or crystalline fluid and blood is needed to maintain the stability of blood circulation. However, blood transfusion can lead to an imbalance in the proportion of white blood cells in patients and interfere in the functions of immune cells, which can lead to the patient being more vulnerable to infection. This mechanism may explain why the infection rate of children with intraoperative transfusion was higher (35.6%) than that of children without transfusion (13.7%), and the higher the transfusion volume is, the higher the risk of infection (χ2 = 17.438, p = 0.000).

The indwelling time of a ventricular drainage tube is considered to be the most important independent risk factor, although there is no consensus among experts. A study by Park et al. (17) showed that the infection rate increased during the 4 days post-catheterization, and then became stable afterwards. The infection rate did not increase even if the catheterization time exceeded 10 days, with an average infection time of 8.6 days. Strojnik et al. (18) reported that the average indwelling time of an EVD tube was 7.41 ± 3.26 days, and he considered that day 7 is the crucial time for the indwelling of EVD. He reported that the infection rate at <7 days was 9.46% and that at >7 days, it was 23.44%. In 2014, a large sample survey of 755 EVD patients was performed by Huashan Hospital, and they found that the infection rate of 61 EVD patients increased rapidly from the 5th to the 12th day, and then stabilized after the 12th day. The average indwelling time of the infected patients was 10.06 days, while the average indwelling time of the non-infected patients was 5.53 days (19). Consistent with Strojnik et al., in our study, the infection rate was 12.9% when the indwelling time of EVD was <7 days and 30.6% when the indwelling time of the EVD tube was more than 7 days. From these results, there should be a consensus agreement regarding the indwelling time for EVD. We suggest that EVD should be removed as soon as possible for patients who meet the indication of EVD removal. During the procedure, strict aseptic operation, avoidance of leakage and reflux of the drainage tube, prevention of liquid contact between the outlet of the drainage tube and the CSF collection bottle, and clamping the drainage tube should be conducted for prevention of intracranial infection. However, in the case of a patient who does not meet the indication for EVD removal, early application of broad-spectrum antibiotics can be considered for prophylaction (20).

In our study, we did not find any correlation between tumor location and the incidence of ERI. Unfortunately, due to a lack of samples to study, we did not further evaluate the correlation between tumor histology and the incidence of ERI. In our study, only 5 of 30 patients who had ERI had a positive CSF culture, and prior use of antibiotics may have caused the increased false-negative results for CSF analysis (21, 22). There was no significant difference between patient GOS in the infection group and the non-infection group. However, further studies with more patients are needed for verification.

The major strength of our analysis is that it is the first to assess and discuss the ERI factors in a pediatric population post-brain tumor surgery, which we believe has distinct characteristics from adult populations or other neurosurgical circumstances. However, the lack of samples to study might not have provided an accurate reflection of the results, and several risk factors such as preoperative V-P shunt and intraoperative blood transfusion are still ambiguous and might cause confusion between postoperative infection and ERI. Therefore, more integrative and comprehensive evaluation of patient data with strict screening is needed in future studies, and moreover, a comparison with an adult population and other neurosurgical circumstances should be performed to validate the results.



CONCLUSION

A preoperative V-P shunt, operative duration, intraoperative blood transfusion, CSF sampling frequency, and indwelling time of the ventricular drainage tube are all important factors that affect the incidence of ERI. ERI can be fatal to patients, and thus, intensive care is important to reduce its morbidity and mortality. In the case of a patient who does not meet the indication for EVD removal, early prophylaxis and treatment is mandatory.
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